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I.  Objectives:

The primary goals of this research effort was to establish an advanced computational chemistry
facility at an urban institution and to involve undergraduate researchers in a meaningful research
experience in computing the nonlinear optical responses for novel chromophores.

II. Summary of Accomplishments:
Research Facility.
This research grant in conjunction with two other research grants provided funding for us to
purchase four servers, eight PC/MAC computers, two laser printers, and networking equipment
for our laboratory. These grants also enabled us to purchase a number of contemporary
computational chemistry software packages such as Gaussian, Cerius, Spartan, and CAChe for
use by our undergraduates.

Participation of Undergraduates in Research Efforts.

Fifteen research students (all African-Americans) participated in our research effort, with four
of them working on this particular research project at some point during their research
experience. In addition three high school students participated in our research efforts for two
summers. All students were trained on various software applications in our research efforts.

The students that participated in this research project are listed below along with their current
status:

Tiffany Burgess-Brown. Graduated from Chicago State University, presently working
for Abbott Laboratories in North Chicago. Tiffany made two presentations on her work.

Howard Gholston.  Graduated from Chicago State University, presently a graduate
student in Materials Science at Northwestern University in Evanston.

Brian Clay. Graduated from Chicago State University, presently working for a chemical
consulting company in Chicago.

Luckner Jean. Graduated from the Illinois Institute of Technology with an engineering
degree. Will be attending graduate school next year.

Felicia Duran (High School Student). Currently in college.
Leo Crockett (High School Student). Currently in college.
Theresa Zuniga (High School Student). Currently in college.

Summary of Research Findings.

One of our goals in this year-long research effort was to determine if we could streamline our
Nonlinear Optical response computations by using commercially available software rather than
the software developed in our laboratory. If our research efforts in this direction are to continue,
the user-interfaces of our software must be within the capabilities of undergraduate researchers.
As detailed below, we found that the user-friendly Spartan and CAChe packages are not viable
options in the evaluation of NLO responses, however, the more rigorous Cerius package does
provide reasonable responses relative to experiment. We should note that the Cerius package is
actually a commercially-available replica of our in-house algorithms. However, this package is
much more demanding to use and beyond the typical undergraduate’s abilities.




III. Details/Results of Research Efforts:

Motivation of Research Studies.

For the past decade many researchers in the field of nonlinear optical materials have come to
realize that computational chemistry plays a crucial role in the selection of molecular
chromophores to insert into high-efficiency frequency doubling materials. Mark Ratner, Tobin
Marks and I published a study in 1993 in which the hyperpolarizability generated via a
semiempirical sum-over-states approach computed for over 200 molecular units was compared
with experimental EFISH values as shown in Figure I. Most of these chromophores possessed
the signature donor-acceptor m-architectures, and the structures chosen for this study were the
sum total of all the molecules for which EFISH experiments had been performed. The molecular
geometries for each chromophore were carefully chosen, but not optimized via a semiempirical
methodology. The results of this experiment were surprisingly satisfying as seen in Figure .

Unfortunately, this method was tedious and time consuming. In one portion of this research we
looked at the possibility of using molecular geometries optimized with MOPAC in our ZINDO-
SOS studies. To test this possibility, we compared the computed Ana With experimental Aq,, for
over 400 dye molecules. These conventional dye molecules were taken from The Sigma-Aldrich
Handbook of Stains, Dyes, and Indicators. Researchers have long recognized the link between
the absorption energy and the NLO response through the two-level model. We propose that if
our computational prescription correctly reproduces the electronic transitions it will also provide
hyperpolarizability values that will compare favorably with experiment.

Details of Calculations.

All CAChe studies followed a standard prescription available in CAChe software. Specifically
the optimized molecular geometries were determined through an AMI optimization. The
absorption spectra were then computed with a ZINDO calculation involving configuration
interaction of 100 transitions between filled and unfilled molecular orbitals. Simplistic
computations including solvents in the calculations were carried out using the solvent option in
the CAChe software, with the diameter of the cavity taken as the size of the molecule.
Additional solvent computations were carried out by systematically altering the size of the
solvent cavity, however, the qualitative results of these studies were not different from the
studies taking the molecular size as the cavity diameter. Exploratory Spartan calculations and
Cerius calculations were carried out in a similar manner.

Results of the Research Studies

The numerical results of the A, computations are reported in Appendix I. Note that in this chart
we are comparing gas-phase calculations with solvent-phase experimental data. We are
obviously not looking for absolute accuracy, rather a relative correlation between computed and
experimental data. Note that this is a similar assumption made in most nonlinear optical
computations that have appeared in the literature.

A graphical summation of the data (over 400 data points) listed in Appendix I is displayed in
Figure II. Clearly there is little correlation between the computed Amax and the experimental Apa.
Moreover, if we separate out results for chromophores in a given solvent, we also see little
correlation between the computed and experimental results. In Figure III the computed A
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values for molecules measured in ethanol (14 data points) is presented, and there is a slight
correlation between theory and experiment, however, the data shown in Figure IV contains the
graphical results for chromophores in water (over 100 data points) and a correlation is not readily
apparent. From this study we conclude that a systematic prescription for computing electronic

- state information necessary for NLO computations using the CAChe package is not an
appropriate prescription despite its ease of use for undergraduate researchers.

We attempted to improve these results by including solvent corrections into the computation.
These results did not yield significantly different results. We also used performed a serious of
Spartan calculations, however the results were similar. We are currently looking at Cerius
computations where we use a more sophisticated molecular geometry optimization routine (more
costly) and the results for both Ay, and for B appear to be much improved. These computations
are more sophisticated, and and we are presently trying to simplify these computations further so
a large number of potential chromophores can be systematically evaluated for NLO activity.

IV. Personnel Associated with the Project

Project Participant Status

David R. Kanis Faculty CSU
Luckner Jean Undergraduate Student CSU
Brian Clay Undergraduate Student CSuU
Howard Gholston Undergraduate Student CSU
Tiffany Burgess-Brown Undergraduate Student CSU
Felicia Duran High School Student

Leo Crockett High School Student

Theresa Zuniga High School Student

V. Published/Submitted Papers from this Grant

None. However we do anticipate the submission of a manuscript describing this
research effort following the completion of our Cerius studies.

VI. Interactions/Transitions involving this research grant

Presentations at Meetings/ Invited Seminars:
Kanis *Board of Governors Science Conference, Chicago, IL
* Alliance for Minority Participation Research Conference, Chicago, IL
Illinois Institute of Technology, Chicago, IL
*Students presented research results from this grant at these meetings.

Transitions:
None

VII. Patents

None




IX. Honors/Awards

Kanis
Kanis
Kanis
Kanis

Chicago State University Faculty Excellence Award
Chicago State University Faculty Excellence Award
Selection into Project Kaleidoscope’s Faculty for the 21* Century
Received a CAREER grant from the National Science Foundation

1997
1998
1997
1996
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Appendix 1

List of Dyes Examined from
The Sigma-Aldrich Handbook of Dyes, Stains, and Indicators

Appendix contains data for the CAChe generated Absorption
Maxima for 363 Dyes. The Experimental data came from
the Handbook, the Computed data came from performing a

MOPAC geometry optimization on the molecule followed by
a ZINDO computation of Amax.
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